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(57) ABSTRACT

Various methods and apparatus are described for an inte-
grated remotely controlled photovoltaic system having a
number of components. A central backend server manage-
ment system 1s configured to facilitate management of two or
more solar arrays at a remote site from a client device con-
nected over a public wide areanetwork (WAN). An integrated
clectronics housing contains multiple circuits, including
power generation inverter circuits and solar array motion
control circuits for one or more PhotoVoltaic (PV) solar
arrays at the remote site. The multiple circuits cohesively
exist 1n the mtegrated electronics housing and actually per-
form better because of the interconnectivity. The communi-
cation circuitry within the integrated electronics housing 1s
configured to establish secure communications over the WAN
with the central backend server management system. The
integrated electronics housing acts as the local system control
point for the first solar array.
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INTEGRATED REMOTELY CONTROLLED
PHOTOVOLTAIC SYSTEM

RELATED APPLICATIONS

This application 1s a claims the benefit of and priority to
U.S. provisional application titled “Integrated electronics
system” filed on Dec. 17, 2010 having application Ser. No.
61/424,5377, U.S. provisional application titled “Two axis
tracker and tracker calibration™ filed on Dec. 17, 2010 having,
application Ser. No. 61/424,5135, U.S. provisional application
titled “ISIS AND WIFI” filed on Dec. 17, 2010 having appli-
cation Ser. No. 61/424,493, and U.S. provisional application
titled “Photovoltaic cells and paddles™ filed on Dec. 17, 2010
having application Ser. No. 61/424,518, and this application
1s a continuation in part of and claims the benefit of and
priority to U.S. non-provisional application titled “an inverter
for a three-phase AC photovoltaic system™ filed on Feb. 15,
2011 having application Ser. No. 13/028,122, which itself
claims priority under 35 USC 119(e) to U.S. Provisional
Application titled “Single stage dc-to-ac conversion for high
eificiency operation of concentrating photovoltaic systems”
filed on Feb. 16, 2010 having application Ser. No. 61/338,313
and U.S. Provisional Application titled “Integrated electron-
ics system” filed on Dec. 17, 2010 having application Ser. No.
61/424,537, and U.S. Provisional Application titled “Solar

cell substring grounding to manage inverter input voltage™
filed on Apr. 23, 2010 having application Ser. No. 61/343,070.

FIELD

In general, a photovoltaic system having a remote central
backend management system for multiple solar arrays 1s dis-
cussed.

BACKGROUND

A two-axis tracker may break up 1ts solar array for more
elficient operation. A two axis tracker may be designed for
casier of mstallation 1n the field. Designing all aspects of the
system yields many benefits.

SUMMARY

Various methods and apparatus are described for an inte-
grated remotely controlled photovoltaic system having a
number of components. A central backend server manage-
ment system 1s configured to facilitate management of two or
more solar arrays at a remote site from a client device con-
nected over a public wide area network (WAN). An integrated
clectronics housing contains multiple circuits, including AC
power generation inverter circuits and solar array motion
control circuits, for one or more PhotoVoltaic (PV) solar
arrays at the remote site. The multiple circuits cohesively
exist 1n the mtegrated electronics housing and actually per-
form better because of the interconnectivity. The communi-
cation circuitry within the integrated electronics housing is
configured to establish secure communications over the WAN
with the central backend server management system. The
integrated electronics housing acts as the local system control
point for at least one or more solar arrays.

BRIEF DESCRIPTION OF THE DRAWINGS

The multiple drawings refer to the embodiments of the
invention.
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2

FIGS. 1A and 1B 1llustrate diagrams of an embodiment of
amultiple-axis tracking mechanism for a photovoltaic system
having multiple mndependently movable sets of photovoltaic
solar (PV) cells.

FI1G. 2 illustrates a diagram of an embodiment of a network
with a central backend management system communicating
with multiple remote solar sites.

FIG. 3 1llustrates a diagram of an embodiment of the inte-
grated electronics housing with the front door and some 1s0-
lation plates removed.

FIG. 4 1llustrates a diagram of an embodiment of the inte-
grated electronics housing containing both system electron-
ics and power generation circuits.

FIG. 5 1llustrates a diagram of an embodiment of at least
two or more AC mverter circuits that are contained with the
integrated electronics housing.

FIG. 6 1llustrates a block diagram of an embodiment of the
physical and electrical arrangement of modules 1n a represen-
tative two axis tracker assembly.

FIG. 7 illustrates a diagram of an embodiment of the wire-
less transmission/recerver circuit to transmit and receive
communication to and from a router that 1s communicatively
connected to a central backend management system over the
Internet.

FIG. 8 1llustrates an example system diagram for a central
backend management system.

FIGS. 9A and 9B illustrate diagrams of an embodiment of
an example hardware architecture of the central backend
management system.

FIG. 101llustrates a diagram an embodiment of an example
portfolio dashboard user interface associated with the central
backend management system.

FIG. 11 1s a diagram that illustrates an example energy
dashboard user interface that displays electrical power and
energy mformation.

FIG. 12 1s a diagram that 1llustrates an example tracker
dashboard user interface that displays the multiple axis
tracker assembly information.

FIG. 13 illustrates diagrams of an embodiment of a wire-
less local area network (LAN) for a solar site with multiple
CPYV arrays.

FIG. 14 illustrates a diagram ol one or more modules
aligned within and secured in place 1n a paddle structure.

FIG. 15 illustrates a diagram of an embodiment of a side
perspective of the frame of two paddle structures structurally
locked together via the mechanical intertace.

FIG. 16 illustrates a diagram of an embodiment of a paddle
pair assembly on a tilt axle.

FIG. 17 illustrates an exploded view of an embodiment of
a skeletal frame of the paddle structure coupling to multiple
modules.

FIG. 18 illustrates a diagram of an embodiment of a paddle
structure sliding 1n place and being 1nstalled 1n the field.

FIG. 19 illustrates an exploded view of a diagram of an
embodiment of a module that has a grid of Fresnel lenses
covering each set of solar receivers, a patterned panel of
Fresnel lenses, and output leads.

While the invention 1s subject to various modifications and
alternative forms, specific embodiments thereof have been
shown by way of example 1n the drawings and will herein be
described 1n detail. The invention should be understood to not
be limited to the particular forms disclosed, but on the con-
trary, the itention 1s to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the

invention.

DETAILED DISCUSSION

In the following description, numerous specific details are
set forth, such as examples of specific cells, named compo-
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nents, connections, types ol connections, etc., 1n order to
provide a thorough understanding of the present invention. It
will be apparent, however, to one skilled 1n the art that the
present invention may be practiced without these specific
details. In other 1instances, well known components or meth-
ods have not been described in detail but rather 1n a block
diagram in order to avoid unnecessarily obscuring the present
invention. Further specific numeric references such as a {irst
inverter, may be made. However, the specific numeric refer-
ence should not be interpreted as a literal sequential order but
rather interpreted that the first mverter 1s different than a
second inverter. Thus, the specific details set forth are merely
exemplary. The specific details may be varied from and still
be contemplated to be within the spirit and scope of the
present invention.

In general, various methods and apparatus are described
for an integrated remotely controlled photovoltaic system
having a number of components. A central backend server
management system 1s configured to facilitate management
of two or more solar arrays at a remote site from a client
device connected over a public wide area network (WAN).
Each site will generally have two or more solar arrays, each
on its own multiple axis tracker assembly. An integrated
clectronics housing contains multiple circuits, including the
AC power generation inverter circuits and the solar array
motion control circuits, for controlling one or more of the
PhotoVoltaic (PV) solar arrays at the remote site. The mul-
tiple circuits cohesively exist in the integrated electronics
housing and actually perform better because of the intercon-
nectivity. The communication circuitry within the integrated
clectronics housing 1s configured to establish secure commu-
nications over the WAN with the central backend server man-
agement system. The integrated electronics housing acts as
the local system control point for 1ts associated one or more
solar arrays.

FIGS. 1A and 1B illustrate diagrams of an embodiment of
a multiple-axis tracking mechanism for a photovoltaic system
having multiple mndependently movable sets of photovoltaic
solar (PV) cells. Note, the multiple-axis tracking mechanism
may be used with photovoltaic cells, which may include
concentrated PV cells and regular PV cells.

FI1G. 2 1llustrates a diagram of an embodiment of a network
with a central backend management system communicating,
with multiple remote solar sites. The system 200 may include
components configured to communicate over a network 202,
which may be the Internet. The central backend management
system 250 may be coupled to the network 200 and config-
ured to enable users to control and manage solar sites from
anywhere over the network 202. In the current example, solar
sites 2135, 220 are coupled to the network 202. There may be
a firewall 216 or 221 at each of the respective solar sites 215,
220. Each of the solar sites 215, 220 may include many
photovoltaic arrays. Each of the photovoltaic arrays 1s con-
tained 1n 1ts own multiple-axis tracker mechanism that gen-
erates an AC voltage output.

The central backend server management system 250 1s
configured to facilitate management of the two or more solar
arrays at each remote site from a client device, such as a first
client device 210, second client device 205, etc., connected
over the public wide area network (WAN) 202, which encom-
passes networks including the Internet. A user may use a
client computing system 205 or 210 to connect to the central
backend management system 250 to manage the solar site 215
and/or the solar site 220. Each of the client computing sys-
tems 205, 210 may be associated with browser software to
ecnable the users to use the Internet to access web pages
associated with the central backend management system 250.
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There may be a firewall 206 or 211 associated with each of the
client computing systems 2035 and 210.

The integrated remotely controlled photovoltaic system
200 offers a complete solar power integrated system. By
designing and manufacturing the entire system, the integrated
remotely controlled photovoltaic system 200 has improved
function, aesthetics and economics. The integrated remotely
controlled photovoltaic system 200 has been streamlined and
precision-engineered for high performance, low cost, quick
installation, and easy maintenance. The integrated remotely
controlled photovoltaic system 200 eliminates the need for
multiple vendors, system integration, and expensive and
time-consuming customization. The integrated remotely con-
trolled photovoltaic system 200 includes: solar modules,
trackers, 1nverters, motion control, communications, discon-
nects, and DC wiring for each PV solar array. The integrated
remotely controlled photovoltaic system 200 also includes
plant management software that 1s both easy to use and acces-
sible from anywhere on the Internet. The integrated remotely
controlled photovoltaic system 200 has optimized perfor-
mance, manufacturing, delivery, installation, operation and
support services.

By providing a fully integrated system, the integrated
remotely controlled photovoltaic system 200 achieves greater
performance, reliability, and ease of use.

Referring back to FIGS. 1A and 1B and the multiple axis
tracking mechanism for the photovoltaic system, FIG. 1A
shows the paddle assemblies containing the CPV cells, such
as four paddle assemblies, at a horizontal position with
respect to the common roll axle. FIG. 1B shows the paddle
assemblies containing the CPV cells tilted up vertically by the
linear actuators with respect to the common roll axle.

A common roll axle 102 is located between 1) stanchions,
and 2) multiple CPV paddle assemblies. Each of the multiple
paddle assemblies, such as a first paddle pair assembly 104,
contains 1ts own set of the CPV solar cells contained within
that CPV paddle assembly that 1s independently movable
from other sets of CPV cells, such as those 1n the second
paddle assembly 106, on that two axis tracking mechanism.
Each paddle pair assembly 1s independently moveable on 1ts
own t1lt axis and has 1ts own drive mechanism for that tilt axle.
The drive mechanism may be a linear actuator with a brushed
DC motor. The common roll axle 102 universally rotates all of
the t1lt axles, and each paddle assembly on a given t1lt axle 1s
driven by 1ts own linear actuator along a tilt axis. An example
number of twenty-four CPV cells may exist per module, with
one to eight modules per CPV paddle, two or more CPV
paddle structures per paddle assembly, a paddle assembly per
t1lt axis, and two to four independently-controlled tilt axes per
common roll axis.

Each paddle pair assembly has its own t1lt axis linear actua-
tor, such as a first linear actuator 108, for i1ts drive mechanism
to allow independent movement and optimization of that
paddle pair with respect to other paddle pairs 1n the two-axis
tracker mechanism. Each tilt-axle pivots perpendicular to the
common roll axle 102. The common roll axle 102 includes
two or more sections of roll beams that couple to the slew
drive motor 110 and then the roll beams couple with a roll
bearing assembly having pin holes for maintaining the roll
axis alignment of the solar two-axis tracker mechanism at the
other ends, to form a common roll axle 102. The slew drive
motor 110 and roll bearing assemblies are supported directly
on the stanchions. A motor control board in the integrated
clectronics housing 118 on the solar tracker causes the linear
t1lt actuators and slew drive motor 110 to combine to move
cach paddle assembly and 1ts CPV cells within to any angle 1n
that paddle assembly’s hemisphere of operation. Each paddle
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assembly rotates on 1ts own ti1lt axis and the paddle assemblies
all rotate together in the roll axis on the common roll axle 102.

The solar array 1s mounted on the two-axis tracking mecha-
nism. The common roll axle 102 1s composed of multiple
segments of roll axle, each with its own a perpendicular tilt
axle. Two or more paddle structures containing one or more
CPV modules are installed onto each tilt axle on a common
roll axle 102 as part of the two-axis tracking mechanism’s
solar array. The two or more paddle structures couple across
the common roll axle 102 on that tilt axle. Each paddle assem-
bly 1s pre-aligned by holes, brackets, or molded connection
points, and any combination of these three, 1n a hinged curved
bracket manufactured on each paddle structure in the paddle
assembly for a correct coupling and positioning between the
two or more paddle structures coupled across the common
roll axle 102 on that t1lt axle.

The two axis tracker assembly 1ts solar array and integrated
housing 118 have been designed to mimimize labor and other
costs during installation, and to provide for easier operation
and maintenance. For example, the CPV modules are preas-
sembled and pre-wired at the factory and can be installed
directly from the pallet in the form of a paddle structure to the
tracker. The sections and components making up the common
roll axle 102, the single electronics housing 118 mountable on
the tracker, and the components for each paddle pair assembly
are manufactured in simple modular sections that assemble
casily in the field and also maintain a rough alignment of the
tracker assembly.

The tracker circuitry 1n the integrated electronics housing,
118 uses primarily the Sun’s angle in the sky relative to that
solar array to move the angle of the paddles to the proper
position to achieve maximum irradiance. A hybrid algorithm
determines the known location of the Sun relative to that solar
array via parameters including time of the day, geographical
location, and time of the year supplied from a local GPS unait
on the tracker, or other similar source. The two-axis tracker
tracks the Sun based on the continuous latitude and longitude
teed from the GPS and a continuous time and date feed. The
hybrid algorithm will also make fine tune adjustments of the
positioning of the modules 1n the paddles by periodically
analyzing the power (I-V) curves coming out of the electrical
power output circuits to maximize the power coming out that
solar tracker.

The hybrid solar tracking algorithm resident in the inte-
grated electronics housing 118 supplies guidance to the motor
control board for the slew drive and tilt actuators to control the
movement of the two-axis solar tracker mechanism. The
hybrid solar tracking algorithm uses both 1) an Ephemeris
calculation and 2) an offset value from a matrix to determine
the angular coordinates for the CPV cells contained 1n the
two-axis solar tracker mechanism to be moved to 1n order to
achieve a highest power out of the CPV cells. The matrix can
be populated with data from periodic calibration measure-
ments ol actual power being generated by a power output
circuit of the two-axis solar tracker mechanism and applies
Kalman filtering to those measurements over time of the
operation of the solar tracking mechanism to create an offset
value from the matrix applied to results of the Ephemeris
calculation to determine the angular coordinates for the CPV
cells. The motion control circuit 1s configured to move the
CPV cells to the determined angular coordinates resulting
from the offl:

set value being applied to the results of the
Ephemeris calculation.

Note, optimally tracking the Sun with four independently
moveable paddle pair assemblies on a solar array 1s easier and
more accurate across the four paddle pairs than with a single
large array occupying approximately the same amount of area
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as the four arrays. In an example, four or more paddles, each
contains a set of CPV cells, and form a part of the two-axis
solar tracker mechanism. Each of these paddles may be part
ol a paddle pair assembly that rotates on 1ts own t1lt axis. For
example, both a first paddle structure containing CPV cells on
a first section of a first tilt axle and a second paddle structure
containing CPV cells on a second section of the first tilt axle
rotate on the axis of that first t1lt axle. Likewise, both a third
paddle structure contaiming CPV cells on a first section of a
second tilt axle and a fourth paddle structure containing CPV
cells on a second section of the second tilt axle rotate on the
axis of that second tilt axle. In addition, both the first and
second tilt axles connect perpendicular to the common roll
axle that universally rotates all of the t1lt axles.

The two-axis tracker includes a precision linear actuator
for each of the paddle pairs 1n the four paddle pairs joined on
the shared stanchions as well as the slew drive connect to the
common roll axle 102. A set of magnetic reed sensors can be
used to determine reference position for tilt linear actuators to
control the tilt axis as well as the slew motor to control the roll
axis on the common roll axle 102. Each tilt linear actuator
may have 1ts own magnetic reed switch sensor, such as a first
magnetic reed sensor 112.

FIG. 3 1llustrates a diagram of an embodiment of the inte-
grated electronics housing with the front door and some 1s0-
lation plates removed. The integrated electronics system 1s
housed 1n an at least partially weather-tight housing unit. The
integrated electronics housing 318 acts as the local system
control point for the solar array. The integrated electronics
housing 318 contains the motion control circuitry 320 that
controls the movement of the two axis tracker, two or more
iverter circuits 322, 324 that recetve DC power from the
CPV cells and converts the DC voltage to three phase AC
power for the power grid, Wi-F1 circuitry 326, a main 1/O
board 321 with various circuits and software routines that
collect and report performance, position, diagnostic, and
weather data to the central backend management system. The
housing 318 may also have a GPS umit 328 mounted 1n or on
the housing, along with having the Wi-F1 antenna.

FIG. 4 1llustrates a diagram of an embodiment of the inte-
grated electronics housing containing both system electron-
ics and power generation circuits. The integrated electronics
housing contains multiple circuits for the PhotoVoltaic (PV)
solar array at the remote site. The multiple circuits cohesively
exist 1n the mtegrated electronics housing and actually per-
form better because of the interconnectivity. One or more
Alternating Current (AC) inverter circuits 422, 424 within the
integrated electronics housing have switching devices that
generate a three-phase AC voltage supplied to a utility power
orid interface transformer. One or more motion control cir-
cuits 420 within the integrated electronics housing are con-
figured to move the PV cells of the solar array throughout the
day to angular coordinates resulting from a solar tracking
algorithm feeding the motion control circuits. A communica-
tion bus 430 within the integrated electronics housing con-
nects to the motion control circuits 420 and the inverter cir-
cuits 422 to {facilitate communications of 1information
including parameters of power being generated by the
inverter circuits between the motion control circuits and the
AC mverter circuits to fine tune an AC power generated out of
the two axis tracker mechamism. The communication cir-
cuitry 426 within the integrated electronics housing estab-
lishes secure communications over the wide area network
with the central backend server management system. The
motion control circuits 420 and AC 1nverter circuits 422, 424
also pass information over the communication bus 430 to the
communication circuitry 426.
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As discussed, the motion control circuitry 420 that controls
the movement of the CPV cells on the two-axis tracker assem-
bly. The motion control circuitry 420 includes a single slew
drive for roll rotation and multiple linear actuator drives for
t1lt rotation for all of the CPV cells on the two-axis tracker
assembly. The motion control circuitry 420 controls the
angles of the paddles with the CPV cells inside to track the
Sun for maximum irradiance.

Each inverter circuit 422, 424 within the housing receives
DC power from its own set of CPV cells, which are poten-
tially located all on the same side of the tracker assembly and
converts that DC power from the CPV cells to three phase 480
VAC power for the power grid.

The solar tracking algorithm may be a hybrid open and
closed loop tracking algorithm configured to supply coordi-
nates to the motion control circuit to adjust/fine tune the angle
of the CPV cells to a maximum power output. A Global
Position System umt 428 may be mounted 1n or on the hous-
ing and configured to continuously feed the time, date, and
geographical position information, including latitude and
longitude, to the solar tracking algorithm resident within the
integrated electronics housing for an Ephemeris calculation.
The GPS circuit, Wi-F1 circuit and some on-board configured
algorithms, also combine to enable automatic solar array
commissioning ol each solar array at the remote solar site.
The newly 1nstalled integrated electronics housing will call
the central management server system and 1dentify itself with
at least the GPS coordinates.

The electronic housing contains performance monitoring,
circuitry 1s integrated into some or all of the components
including the motion control circuits 520 and the inverter
circuits 422, 424. Software coding and logic circuitry are
built-in for PV string level performance monitoring on each
array to allow 1) real-time performance feedback, 2) remote
monitoring of the two axis tracker assembly, and 3) local
measurements and generation of a current-voltage (IV) curve,
4) a built in controller using the solar tracking algorithm with
a hybrid open and closed loop tracking algorithm configured
to supply coordinates to the motion control circuit to adjust/
fine tune the angle of the PV cells to achieve a maximum
power output; 5) a voltage clamp circuit to limit the DC input
voltage to less than 1200 VDC; and 6) many other features.
The configured logic, resident software applications or any
combination of both 1s configured to actively push the per-
formance monitoring information to the central backend
management system instead of the central backend manage-
ment system having to poll each PV solar array associated
with 1ts own SCP. The communication between each SCP and
the central backend management system 1s performed using,
the secure communication channel protocol as discussed, but
may also require the verification of the identity of both the
central backend management system and that specific SCP.

The solar array 1s mounted on the high-precision, two-axis,
solar tracker assembly and the integrated electronic housing
may be mounted on the two-axis tracker assembly. Individual
motion control 1s provided for each paddle pair 1n the solar
array by the motion control circuits 420. The motion control
circuits 420 provide precision tracking to increase yield. Most
photovoltaic systems are mounted 1n a fixed position. They
operate at maximum production only during a brief period of
the day when the Sun’s rays fall directly normal to the module
surface. The motion control circuits 420 move the solar array
to accurately track the Sun through the day and year so that
the solar modules operate at peak elfficiency, resulting 1n a
dramatically greater energy harvest than a fixed-tilt system.

The central processor circuitry 432 1s configured to per-
form the Ephemeris calculation of the solar tracking algo-
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rithm for use by the motion control circuits 420 to position the
CPYV cells relative to a current angle of the Sun. The Ephem-
eris calculation provides the data to position the CPV panels
relative to the current angle of the Sun. The central processor
circuitry 432 also performs computing and generation of
alarms 1n near real time, calculating performance modeling,
and other general processing include network communica-
tions requiring computation to transmit to the central backend
management system over the Internet.

The solar tracking algorithm uses both 1) the Ephemeris
calculation, with local GPS position data of the solar tracker
mechanism from a global positioning circuit that 1s part of the
integrated electronics housing to determine angular coordi-
nates that CPV cells contained 1n the two axis tracker assem-
bly should be 1deally positioned to relative to a current posi-
tion of the Sun and 2) applies Kalman filtering that 1s
continuously updated with power measurements over the
time of an operation the two axis tracker assembly to create
the offset matrix. The measured actual power output comes
from the (I-V) curves taken off the inverter circuits 422, 424.
Power optimization may occur 1n the solar array through
integration of inverter and tracker motion control circuits and
teedback between each other to fine tune the power optimi-
zation.

The housing may also contain additional intelligent power
and control circuits that can respond to events on site and that
also cooperate with the central backend management system
for control of the local devices over the Internet.

FIG. § illustrates a diagram of an embodiment of at least
two or more AC iverter circuits that are contained with the
integrated electronics housing. An example first three-phase
AC 1nverter circuit 542 of the two or more 1inverter circuits and
a second three-phase AC power generation unit 544 of the two
or more inverter circuits are contained with the integrated
clectronics housing.

Each AC inverter circuit 542, 5344 has a single stage DC-to-
AC voltage conversion circuit. Each inverter circuit 542, 544
receives a bipolar DC voltage supplied from 1ts own set of
CPV cells. Each three-phase AC 1nverter circuit 542, 544 has
no need for a supplemental mput DC voltage level boosting
strategy, including a DC 1nput boost stage to increase the DC
input voltage level to a higher DC voltage level for the DC to
AC conversion, because the supplied bipolar DC input volt-
age level from the set of CPV cells 1s high enough to directly
convert to the AC working voltage level.

Each inverter circuit 342, 544 may have multiple strings of
CPV cells feeding that inverter circuit. Each inverter circuit
542, 544 recewves the bipolar DC voltage supplied from 1ts
own set of CPV cells. The strings connect to the iverter
circuit which allows the multiple strings of CPV cells to each
supply less than a nominal 600 VDC and use less costly
conduit and cables to carry the maximum 600 VDC mput
voltage from that string to the housing enclosure. See also
FIG. 6 illustrating a block diagram of an embodiment of
multiple strings of CPV cells to each supply less than a
nominal 600 VDC to each inverter circuit within the inte-
grated electronics housing. Merely, the housing enclosure of
the mtegrated electronic housing 1s required to accommodate
voltages of up to 1200 VDC.

The multiplicity of the three phase AC inverter circuits
clectrically connect into a common three phase AC output to
feed a single Utility Power Gnd transformer 3550. Each
inverter circuit 542, 544 has 1ts own set of 1solation contacts to
connect as well as 1solate this particular inverter from the
Utility Power Grid interface transformer 5350. A primary-side
common node of the Utility Power grid interface transformer
550 may be connected to Earth ground. The outputs of the two
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or more AC inverter circuit 542, 544 combine to supply the
primary-side common node of the Utility Power grid inter-
face transformer.

FIG. 6 1llustrates a block diagram of an embodiment of the
physical and electrical arrangement of modules 1n a represen-
tative two axis tracker assembly. In an example, set of two or
more paddle pair assemblies exist per two axis tracker mecha-
nism, and the paddle structures may each have a fixed number
of CPV cells to establish a roughly fixed range of mnput
voltage for an mverter circuit 640, 642 that will convert the
DC voltage from the concentrated photovoltaic cells into
three phase AC voltage. There may be plurality of solar
receivers per module such as twenty four, eight modules per
paddle structure, two paddle structures forming a paddle pair
assembly per tilt axis, and four independently-controlled tilt
axles per common roll axle, and a bi-polar voltage from the
CPV cells 1n the set of paddle pair assemblies may be, for
example, a +600 VDC and a -600 VDC making a 1200 VDC
output coming from the sixteen PV modules, where the six-
teen PV module array may be a string/row of CPV cells
arranged 1n an electrically series-parallel arrangement of two
+300 VDC strings adding together to make the +600 VDC,
along with two 300 VDC strings adding together to make the
-600 VDC. The absolute voltage level supplied can range
from an absolute 700-1200 VDC. One or more strings of
multiple junction solar cells from the solar array are wired
together such that its highest end-to-end voltage, unloaded,
cold cells 1s not 1n excess of 1200V DC but supplied at a high
enough level to directly convert this DC input voltage level to
a 480 V AC working voltage level coming out of each three-
phase AC inverter circuit while avoiding the need for a DC
boost stage 1n each three-phase AC mnverter circuit. For each
string of CPV cells feeding an 1nverter, a dynamic common
reference point circuit creates a zero volts DC reference point
between paddles.

As discussed, the integrated electronic housing contains
multiple circuits that cohesively exist 1n a single and actually
perform better because of the interconnectivity. Each inverter
circuit 1n the integrated electronic housing has a maximum
power point tracking circuit (MPPT) configured to proac-
tively seek the optimum performance point for the paddle pair
assemblies of the solar array associated with that MPPT.
Stable, secure operation utilizing closed-loop feedback 1s
provided by an on-board system control CPU. The integrated
clectronics housing for each 16-kW CPV array can be
equipped with two or more, high-efliciency, industrial-grade
inverter circuits in NEMA-4 enclosure. This provides a dis-
tributed configuration that simplifies installation and maxi-
mizes overall power plant uptime. The dual, £600V, bi-polar
inverters convert the DC power from the module strings
directly to 480 V, 3-phase, AC power without the use of
transformers. The one or more DC-to-AC 1nverter circuits 1s
included 1n the integrated electronics housing for that array,
climinate combiner boxes, fuses, and 1n-ground DC wiring,
thereby further reducing costs during installation. This inte-
grated electronic housing design reduces complexity and cost
while also reducing wiring and other 1nstallation labor.

As discussed, at least the motion control, inverter circuits,
and the ground fault circuitry contain distributed perfor-
mance monitoring circuitry, which provides remote reporting,
of measurements and potentially notification of alarms 1n
near real time over the site router and WAN over to the central
management server system.

FI1G. 7 1llustrates a diagram of an embodiment of the wire-
less transmission/recerver circuit to transmit and receive
communication to and from a router that 1s communicatively
connected to a central backend management system over the
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Internet. The global positioning system (GPS) circuitry 1s
configured to provide geographical position information of
the CPV solar array of the two axis tracker mechanism at the
solar site. The GPS on the two axis tracker mechamism elimi-
nates any estimating of a particular tracker’s location relative
to the Sun 1n the sky or estimating where a particular tracker
1s positionally located in the row and columns of two axis
tracker mechanism 1n the solar generation site, which allows
a more accurate pointing of the solar array, with respect to the
Sun. The central backend management system may include a
set of servers, a message queue 1n the server, an operational
data store, a data warehouse, and other components.

The wireless circuitry 1n the integrated electronics housing
718 1s configured to transmit performance monitoring infor-
mation to the central backend management system using a
secure communication channel protocol. The wireless com-
munication between the central backend management system
allows substantial reduction i1n cabling and conduit laid
throughout the site where the two-axis tracker assembly 1s
located. The Wi-F1 communications to the central backend
server management system via secure communications such
as a Virtual Private Network.

As discussed, at least the motion control circuits, the
iverter circuits and the GPS circuitry associated with the
housing are configured to communicate information about
the CPV solar array and the two-axis tracker mechanism to
the central backend management system over the Internet via
a wireless router for the LAN located at the solar site. The
performance monitoring 1s designed into the circuitry and
resident applications 1n the integrated electronics housing
718 for this photovoltaic system and the information then 1s
communicated over the Internet to the central backend man-
agement system. At least the AC mverter circuitry and the
motion control circuitry have test points built in their circuitry
to provide performance monitoring of at least 1) an electrical
power generating parameters including an amount of AC
power generated, and 2) a solar array motion control param-
eters including a position of the PV solar array. The perfor-
mance monitoring information 1s collected and stored in a
memory 1n the housing. The performance monitoring infor-
mation includes information for 1) a string of CPV cells
supplying DC power in the solar array, 2) AC power, AC/DC
current, AC/DC Voltages, and current to voltage (IV) curves
associated with the mverter circuits, 3) configuration infor-
mation of the string in the solar array, 4) ground fault condi-
tions on the CPV cells, 5) a direct normal 1rradiation (DNI)
information for the solar array, 6) streaming video captured
by a camera associated with the solar array, 7) weather infor-
mation including air temperature, wind speed, precipitation,
and other local weather information where the solar array 1s
located, 8) tracking information of the angular coordinates of
the solar array, and 9) geographic position information of the
solar at the solar site as generated by GPS circuitry, and then
real time alarms and events are generated based on these
collected parameters. 1) Configured logic, 2) resident sofit-
ware applications, or 3) any combination of both 1s also
located 1n the integrated electronics housing and configured
to collect and store the performance monitoring information
in a memory of the integrated electronics housing. The infor-
mation from the circuitry with test points for performance
monitoring 1s then communicated by the communication cir-
cuitry to the central backend management system over the
wide area network.

The on-board, real time, high resolution performance
monitoring test points built into each of the components 1n the
solar site allow remote control, monitoring, and alert notifi-
cation features over the Internet of those components.
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Various routines are scripted 1in code for monitoring com-
ponents, triggering events, and alerting for the presence of 1)
faulty components throughout the system; 2) string perfor-
mance and failure conditions; 3) tracker position and motor
function; 4) verter performance and 5) other component
alerts and failure conditions. Some are based on comparisons
to threshold based on actual manufactured data.

Thus, enough parameters for each of the components are
conveyed to obtain a complete picture of what 1s happening
on each solar array at the site at each level of granularity. The
system level tie-1n between the hardware architecture and the
software coded to operate and monitor the architecture pro-
vides enough parameters for each of the components to obtain
the complete current picture as well as any historical data
need for the complete picture with trend analysis.

FIG. 8 illustrates an example system diagram for a central
backend management system. The system diagram 1900
includes client computing systems 1905 (e.g., wired and
wireless devices) communicating with the central backend
management system, which includes the internal logic 1930,
the data warchouse 1925 (e.g., main storage, archive,
backup), solar site interfaces 1920, and external interfaces
1915. The external interfaces 19135 may be used to access
external resources (e.g., web services, weather information,
CRM, external applications, etc.) that may be necessary for
the central backend management system to operate. As men-
tioned, the solar site interfaces 1920 of the central backend
management system receives information from the solar site
via the SCP’s of the solar arrays over a secured connection.
The central backend management system 1s configured to
manage two or more remote solar sites, typically hundreds,
cach having a plurality of concentrated photovoltaic (CPV)
arrays. The central backend management system 1s config-
ured to service hundreds of client devices.

The various user interface dashboards 1910 served to the
client computing system 1903 from the central backend man-
agement system may include a portiolio dashboard and a site
dashboard. The user may also be able to access an array
dashboard with daily, weekly, etc. view, an array dashboard
on current to voltage (IV) curves (all strings or single string),
an array tracking components dashboard, a string of CPV
cells supplying DC voltage to an inverter dashboard, a visual
browser including on-site camera dashboard, and many oth-
ers. The dashboard for a portiolio, site, section, array, etc.
may provide mformation about that element so that the user
can select to control or monitor it for additional performance,
manufacturing or configuration information.

The central backend management system receives infor-
mation from the client device indicating that the user wants to
view 1nformation related to or send commands to the two or
more solar arrays located at the remote solar site. The central
backend management system 1s configured to present a plu-
rality of user interfaces via the Internet to a browser of each
user’s client device to enable the user to navigate to and then
1) view information for various components of the two or
more solar arrays, 2) send a command to perform an action for
various components of the two or more solar arrays, and 3)
any combination of both for the various components associ-
ated with the two or more PV arrays. The central backend
management system solicits authenticating information from
the user and based on the authenticating information having,
been verified by the central backend management system as
well as based on the central backend management system
determining what information and commands that the user
has been configured to view and or send related to the two or
more CPV arrays located at the remote solar site. The plural-
ity of user interfaces are viewable with the browser and are
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then presented on a display of the client device based on the
central backend management system having authenticated
the user as being allowed to view the mformation related to
the PV array.

FIGS. 9A and 9B 1llustrate diagrams of an embodiment of
an example hardware architecture of the central backend
management system. The system 2000 includes a physical
management server architecture that may include a system of
server computers and databases. There may be multiple SCPs
2005, one per CPV array at the solar site. The SCPs 2003 are
communicatively connected with the central backend man-
agement system over the Internet. The central backend man-
agement system may include frontend application servers
2010, network load IIS balanced cluster 2015, network load
balanced web services cluster 2020, business logic processors
2025, distributed/replicated cache 2030, SQL cluster 2035
and other similar components.

The network load balanced Internet information server

(IIS) cluster of servers 2015 may be configured to perform
functions such as (1) HI'TPS Page for SCP and ISIS Message

posts, (2) Windows commumnication foundation (WCF )—Mi-
crosoft message queuing (MSMQ) service for queuing
incoming requests, (3) data processing for various compo-
nents 1n each CPV array for loading into the front end appli-
cation servers 2010 and the monitoring system in the SQL
cluster 2033, and (4) passing on control signals and requests
from a client computing system through the central backend
management system and onto the SCP, and (5) other similar
functions.

The business logic processor 20235 may insert information,
such as Alerts/Alarms/Events, for loading into the front-end
application servers 2010 and the monitoring database in the
SQL cluster 2035. The SQL cluster 2035 may store the moni-
toring database, performance database, and manufacturing
database. The distributed/replicated cache 2030 may store
information such as recent data and commonly used non-
changing datasets. The SQL cluster 2035 and the distributed/
replicated cache 2030 may form an Operational Data Store
(ODS) that 1s a database repository for central backend man-
agement system 250. The network load balanced web ser-
vices cluster 2020 provides WCF services for (1) retrieving
historical performance data, (2) WCF Services for sending
commands to the SCPs, (3) WCF Services for retrieving
real-time data, and (4) other similar functions. The front-end
application servers 2010 provide the web hosting of the web
page, generation and/or presentation of user interfaces, and
running of the front-end Web applications.

The command architecture for the SCP 310 maybea HT'TP
client/server architecture that exchanges XML messages con-
strained by a specific schema. The network load balanced
server cluster 2013 of the central backend management sys-
tem 250 may send XML commands through a TLS encrypted
channel to each SCP 310 and expects XML responses from
the SCP. Both sides follow the HTTP protocol requiring the
appropriate headers.

The frontend application servers 2010 in the central back-
end management system may be configured to 1) provide web
hosting for one or more web pages, and 2) generate and
present a plurality of user interfaces to each browser applica-
tion of a client device 1n communication with the frontend
application servers in order to view information on compo-
nents of the two or more PV arrays. The network load balance
cluster 20135 handles communications and issuing of com-
mands to control operations of the components of the two or
more PV arrays. Each of the PV solar arrays 1s associated with
a different system control point (SCP), which are communi-
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catively connected to the central backend management sys-
tem over the wide area network using a secured channel.

One or more sockets on the frontend application servers
2010 are configured to receive connections and communica-
tions from each client device over the WAN 1n order to enable
the user of that client device to view information on compo-
nents of the PV solar arrays associated with that user. The
central backend management system 1s configured to send
commands to the components of the PV solar arrays associ-
ated with thatuser via SCPs of those PV solar arrays. Thus, all
commands to the PV solar arrays come from the central
backend management system, which receives requests from
the client devices to send those commands, verifies the 1den-
tity and permissions associated with the user from the client
device, and then sends the commands.

One or more servers 1n the central backend management
system present a set of user interfaces viewable with the
browser application to allow a user to drill down 1n the user
interface and then view and interact with more specific com-
ponents for the two or more CPV arrays.

FI1G. 10 1llustrates a diagram an embodiment of an example
portfolio dashboard user interface associated with the central
backend management system. The central backend manage-
ment system presents a portifolio user interface viewable with
the browser. The portiolio user interface includes overview
information of one or more remote solar sites included 1n a
portifolio that this user 1s associated with. The portfolio user
interface 800 may be presented after the user 1s authenticated
by the central backend management system. The portiolio
user interface 800 includes a portiolio overview section 805
and dashboard tab section 809. The portiolio overview sec-
tion 805 may display high-level or overview information
about the solar sites 1n the portiolio of the user. The informa-
tion may be displayed mm a two dimensional array. The
example 1n diagram 800 includes eight (8) solar sites—Mis-
sion Falls, Las Vegas, Palm Springs, Riverpoint Solar
Research Park, Albuquerque, Jobhpur, Columbus and
Madrid. It may be noted that even though these solar sites are
located worldwide, the user may be able to manage and
access mformation associated with these solar sites by con-
necting and logging into the central backend management
system using the Internet.

Asillustrated in F1G. 10, the overview information foreach
of the solar sites may include power/energy information,
local time information, local weather information, alarm
information, address information, video camera information,
etc. The user may have the option of searching for a specific
site, section, array or string and alternatively seeing the same
information by drilling down the hierarchy of icons on the
dashboard in order to view the drilled down site/array/string/
tracker etc., overall status, alarm status, configuration infor-
mation or manufacture information. The user may use the
side panel 806 to drill down on to deeper levels of details
about a particular solar site using browse options. Also 1n the
side panel 806, the user may use the “+” bufton to save
information in the favorite section for quick access to the
same 1nformation (e.g., the energy imformation associated
with a particular array of a solar site) at a subsequent time. An
item 1n the favorite section may be a textual string that
includes information about a particular site, section and array.
A “=" button may be used to remove an 1tem from the favorite
section.

The central backend management system may allow the
user to define other users who can manage its solar site. The
user may be able to add or remove portiolios, view all the
solar sites 1n a portiolio, add and remove sites from a portio
l10, etc.
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The dashboard tab section 809 includes dashboard tab,
service tab, about tab, alerts tab and reports tab. Each of the
tabs may be associated with one or more sub tabs. Each of the
sub tabs may be associated with a different user interface and
may present a different type of information or option to the
user. Depending on how the user navigates the browse section
820 of the side panel 806, appropriate tab 1s activated and 1ts
associated sub tabs are available for the user to select. For
example, when the dashboard tab 1s activated, the associated
sub tabs power/energy, tracker, IV curves and camera are
displayed.

The side panel 806 may include an alert section 811, a
search section 815, a browse section 820, and a bookmarks
section 825. The alert section 811 may be used to display alert
information and to enable the user to view more details about
certain alerts. The alert section 811 may allow the user to
navigate to a particular alert by selecting or clicking on an
alert name. The search section 815 may be used to enable the
user to quickly search for information related to a component
ol a solar site that the user 1s associated with. The browse
section 820 may be used to enable the user to browse infor-
mation about a solar site by selecting parameters provided in
pulled-down lists, thus enabling the user to drill down or
access mformation at many different levels of details. The
browse section 820 allows the user to navigate to the portio-
l10, the sites in the portiolio, the sections, arrays and indi-
vidual strings 1n the solar site. When a navigation point (e.g.,
portiolio, site, section, array column, array row, and string) 1s
selected, the activation arrow button 810 on the lower right of
the browse section 820 may cause the appropriate dashboard
to be displayed 1n the main panel 805. Each combination of
navigation points may be associated with a different dis-
played graph in the panel. The side panel 806 may remain
visible to the user regardless of where the user 1s 1n the process
of managing the solar sites.

The central backend management system may present a
second user mnterface viewable with the browser after the
main user interface. The second user interface includes
options to enable the user to specily the remote solar site 1n
the portfolio and a component of the solar site that the user
wants to view the information of. The central backend man-
agement system responsive to the user specitying the portio-
lio and the component, then presents a third user interface
viewable with the browser. The third user interface 1s to
display information related to the specified component,
where the user can view information and send commands
from the presented user interface that the user has been con-
figured to view and send from.

FIG. 11 1s a diagram that illustrates an example energy
dashboard user interface that displays electrical power and
energy information. The central backend management sys-
tem 1s configured to present an energy user interface viewable
with the browser to enable the user to view performance
information related to the AC inverter power generating cir-
cuitry associated with the first solar array. The energy and
power user interface 900 may be presented after the user
navigates the browser section 910 to select a solar site, sec-
tion, array and string. It may be noted that the power/energy
sub tab under the dashboard tab may be activated as a default.

The power and energy information 1s presented as a bar
chart 920 with the vertical axis representing the total energy
in kilowatts hour (kWh) and the horizontal axis representing
the dates. The timeirame of the information displayed 1n the
bar chart 920 1s defaulted at one month. The lower right
section 915 of the dashboard allows the user to select varying
timeframes from one day to one year. In the current example,
the diagram 900 also 1includes a video box 9235 that shows a
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small streaming video of the solar site along with the time
information, DNI information, weather information, current
day and year-to-date energy information, alarm status, GPS
location information, and mode mformation. The user may
alternatively view the view of the mnformation from total
energy to power and DNI by selecting the pull down option
930.

Section 905 1n the main panel of diagram 900 1ncludes a
gauge showing kWh per day and year to date, a gauge show-
ing DNI, local time, the weather and temperature informa-
tion, the latitude and longitude of the SCP.

FIG. 12 1s a diagram that illustrates an example tracker
dashboard user interface that displays the multiple axis
tracker assembly information. The central backend manage-
ment system 1s configured to present a tracker user intertace
viewable with the browser to enable the user to view 1nfor-
mation related to the two-axis tracker. The tracker user inter-
face 1100 may be presented when the tracker sub tab under
the dashboard tab 1s activated. The tracker user interface 1100
includes the sun position information 1105, the mode 1nfor-
mation 1110, and the paddle pairs positioning information
1115. This may enable the user to view the paddle pairs and
roll beam actual versus commanded positions. The dashboard
with the tracker control capability reinforces the user’s com-
tort level on the reliability, durability and accuracy of the dual
tracking system by showing for every array a near real-time
tracking status of various parameters. For example, the user
will be able to view the position of every axis for every array
in relation to the sun. The user may be able to find out whether
cach axis of an array 1s tracking and the accuracy of the
tracking. The date and time information about when the
tracker of an array was last calibrated may be presented to the
user. The user may also be able to view configuration infor-
mation for a motor control board of an array. An 1mage 1120
of the roll beam and associated paddle pairs may be displayed
to enable the user to view the position changes. It may be
noted that the diagram 1100 also displays navigation infor-
mation 1125 that corresponds to the information being dis-
played in the main panel section of the diagram 1100. This
navigation information 1125 may be similar to the informa-
tion stored 1n the favorite section if the user decides to save 1t.
In the upper nght corner of the tracker user interface, the
central backend management system 1s configured to present
a third user interface viewable with the browser to enable the
user to view a streaming video captured by a video camera at
the remote site. The video user interface may be part of
another user interface or a discrete user 1nterface.

The set of user interfaces are in this graphical user interface
system. The graphical user interface system includes intuitive
navigation, and locations can be bookmarked for quick and
casy return. Simply login at the customer portal page to set
roles and authorizations for each client’s particular system.
The graphical user mterface system allows monitoring per-
formance and taking actions remotely, such as moving track-
ers, putting the system 1n stow mode, or resetting alarm or
threshold limits. The graphical user interface dashboards
show system conditions and performance of the solar arrays.
Client devices can monitor performance 1n real time at the
plant level or drill down 1n the user interface to a single string.
The GUI dashboard shows current conditions, performance,
and live video.

The central backend server management system allows
management of the solar arrays at a remote site from a client
device located anywhere a connection to the Internet 1s pos-
sible. The central backend server management system oifers
sophisticated remote interactive capabilities. Client device
access 1s available anywhere on the Internet and data 1s pro-
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tected through the use of secure IP protocols. The central
backend server management system 1s a sophisticated, Inter-
net-based, SaaS (software as a service) approach to power
plant management that includes monitoring, diagnostics, and
system control. Using the central backend server manage-
ment system 1s easy and secure. The central backend server
management system monitors system performance using a
database, which contains factory test data for each compo-
nent. If components such as modules, motors, or inverters are
operating outside of specified limits, the central backend
server management system will display on-screen alarms 1n
the user interface and can send text or email alerts to opera-
tors.

The system also monitors weather forecasts and site con-
ditions. Powertul analytics included in the central backend
server management system help pinpoint potential perfor-
mance 1ssues and identily appropriate actions for remedy,
including maintenance and repair. The central backend server
management system provides sophisticated solar plant man-
agement by providing alerts to conditions and events occur-
ring at each solar array, and allows monitoring, diagnosis, and
control of each solar array, so that system operation and
maintenance 1s highly efficient and low-cost.

The central backend server management system provides
reporting, monitoring, analysis, and notification. In addition
to current performance, historical energy potential and actual
generation can be displayed. Analysis 1s graphical and reports
can be customized. The central backend server management
system maintains and protects each client’s data and because
of the software as a service model used by the central backend
server management system, a client device never has to con-
form to or worry about software version control and updating.

FIG. 13 1llustrates diagrams of an embodiment of a wire-
less local area network (LAN) for a solar site with multiple
CPV arrays. Solar site 1300 may include a wireless local area
network (LAN) 1305 for the two or more photovoltaic solar
arrays at the remote solar site. Connected to the LAN 13035 i1s
radio assembly 1310, GPS 1365, maintenance hand-held
device 1320, video camera 1330, SCPs 1311, weather station
525, DNI meter, and power meter 1340.

Each photovoltaic array 1335 has 1ts own SCP 1311 with
the wireless communication circuitry iside that 1s configured
to communicate to one or more site routers and then over the
Internet with the central backend management system. The
SCP 1311 may include motion control logic, mverter logic,
ctc. For example, the motion control logic may allow transi-
tioning the paddles from an operational mode to a stow mode
to prevent damage 1n adverse weather condition (e.g., gust
wind, storm, etc.), and the inverter logic may allow converting
DC power to AC power. A module 1n a single SCP may be
configured to continuously monitor a local weather station
relative to that solar site and broadcast the weather across the
L. AN to the rest of the SCPs.

The wireless communication circuitry 1s configured to
communicate with the central backend server management
system for exchanging control, monitoring, and management
information via secure communications such as a Virtual
Private Network. For some embodiments, a secured commu-
nication channel using Hypertext Transter Protocol Secure
(HT'TPS) may be used for transmitting information between
the SCP 1311 and the central server 1350 over the network.
The SCP 1311 may use HT'TPS POST to send performance
data to the central server 1350. The SCP 1311 may ping the
central server 1350 every time period (e.g., one minute) even
when the SCP 1311 has no data to report. For some embodi-
ments, the central server 1350 may respond with acknowl-
edgement 1n response to the HI'TP POST and can optionally
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send commands to the SCP 1311, requests the SCP 1311 to
maintain a more frequent or permanent connection, throttle
the speed of the SCP messages, etc.

The LAN allows faster communications between the
devices located at the solar site than when those devices
communicate over the Internet with the central backend man-
agement system.

The LAN also includes solitary devices at the site that can
provide 1ts information or functionality across the LAN to all
of the two-axis tracker mechanisms located at that solar site.
Thus, as discussed above, measured parameters common
across the solar site, including direct normal incidence (DNI)
and local weather, which are each 1) detected by a local
detector, 2) retrieved by a local device or 3) a combination of
both, and then broadcast as internal solar site communica-
tions over the LAN to all of the different SCPs at the site. The
CPV arrays are associated with a local video camera mounted
to survey the plurality of CPV arrays. A module may be
configured to continuously monitor a local weather station
relative to that solar site, and a solar power meter to measure
an amount of DNI, and then broadcast updates of the mea-
sured amount of DNI and the time of that measurement. All of
these are communicated over the LAN. The communications
are faster and more reliable because Internet access to such
information may occasionally become unavailable from time
to time. Also, the measured parameters common across the
solar site need only a single detector device rather than one
device per two-axis tracker mechanism.

FIG. 14 illustrates a diagram of one or more modules
aligned within and secured in place 1 a paddle structure.
Each paddle structure 1404 may contain multiple CPV mod-
ules 1420 as part of the solar array of the two-axis tracking
mechanism. Each paddle pair assembly has a shared
mechanical interface between each paddle structure 1404,
such as a curved bracket 1424 on each paddle structure 1404,
a center truss between the brackets, and turnbuckle arms 1426
for vertical support to the paddle structure 1404 from the
center truss, to structurally lock together the paddle structures
to form a paddle pair assembly along the tilt axis on a tilt axle
on the two sides of the common roll axle. The paddle pair
assembly locked together then moves in unison on the tilt
axis. See also FIG. 15 1illustrating a diagram of an embodi-
ment of a side perspective of the frame of two paddle struc-
tures structurally locked together via the mechanical inter-
face. Note two or more paddle structures may form a single
paddle assembly. The center truss, the curved bracket per
paddle structure, a frame of each of the paddle structures, a t1lt
axle, and the turnbuckles form a support structure for a set of
PV solar cells that are housed 1n the first solar array. See also
FIG. 16 1llustrating a diagram of an embodiment of a paddle
pair assembly on a tilt axle. Each paddle pair assembly
couples to its own linear actuator, which 1s used to control
paddle assembly tilt articulation.

The shared mechanical interface between paddle structures
in paddle pair assembly allows the solar array to be broken up
into these multiple smaller paddle structures that are set along
the tilt axis on a tilt axle on the two sides of the common roll
axle. The smaller paddle structures and shared mechanical
interface gives that paddle pair assembly a greater accuracy at
aiming at the Sun due to 1) having less overall weight to drive
the paddle pair assembly and 2) substantially an even amount
of weight and wind forces felt on each side of the common roll
axle on both paddle structures in the pair. Thus, the weight of
the paddle structures on each side of the common roll axle
counter balances the paddle pair assembly making the drive
motor and linear actuators mainly having to deal with wind
loading effects which should roughly be about the same on
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both sides of the paddle pair assembly. The wind loading
force pressing against the surface area of paddle pair assem-
bly should be directed through the frame of the paddle struc-
tures and the shared mechanical interface to essentially can-
cel the wind loading effects from the paddle structures on
both sides of the common roll axle.

In addition, the paddle structure’s bracket 1424 may be
curved, triangular, or other shapes. The paddle structure 1404
has 1ts bracket 1424 on hinges to allow the rapid formation of
the paddle assembly on the tilt axle across both sides of the
common roll axle in the field. Each hinge allows the bracket
1424 to fold flat against its skeletal frame when the paddle
structure 1404 1s shipped and also allows easy maneuverabil-
ity when assembling the paddle assembly 1n the field.

FIG. 17 illustrates an exploded view of an embodiment of
a skeletal frame of the paddle structure coupling to multiple
modules. Each paddle structure 1704 houses at least one of
more modules 1720. The concentrating photovoltaic system
includes rows and columns of photovoltaic cells packaged 1n
the form of a module 1720. The solar array broken up into
cach paddle structure 1704 may, for example, contain eight
module assemblies integrated together to make a rectangular
orid, 1n which each module contains a fixed number of 1ndi-
vidual concentrated photovoltaic cells, such as twenty four.
Each CPV solar cell 1s housed 1n a solar receiver assembly.
Multiple solar recerver assemblies are installed also 1 an
evenly spaced grid pattern of columns and rows into each
module, and occupy the horizontal surface area of the mod-
ule.

Each paddle structure has a bow shaped skeletal frame
having a central tube for sliding the paddle structure onto a tilt
axle of a multiple axis solar tracker assembly. (See also FIG.
18 1llustrating a diagram of an embodiment of a paddle struc-
ture sliding 1 place and being installed 1n the field.) Each
paddle structure has multiple brackets for mechanically
securing modules containing PV cells 1 place. This overall
structure of the paddle structure maintains a three dimen-
sional alignment of the installed and aligned set of solar PV
cells within each of the modules during shipment as well as
during an operation of the multiple-axis tracker mechanism.

FIG. 19 1llustrates an exploded view of a diagram of an
embodiment of a module that has a grid of Fresnel lenses
covering each set of solar receivers, a patterned panel of
Fresnel lenses, and output leads. The grid of Fresnel lenses
1926 use less material to construct than a normal convex lens
and have a wider pointing angle than do conventional mirrors,
and covers the module casing. Each solar recerver unit 1928,
such as a first solar receiver unit 1927, contains i1ts own
secondary concentrator and 1ts own photovoltaic cell, and
optically couples with one of the Fresnel lens 1n the grid. Each
solar recetver has 1ts own secondary concentrator optic that
focuses incident light onto 1ts own photovoltaic cell. Multiple
solar recerver units 1928 may exist per module and share the
common grid of Fresnel lenses 1926 covering the module
housing. The photovoltaic cells may be multiple junction
solar cells located 1n 1ts own solar recetver. Thus, each solar
receiver has 1ts own secondary concentrator optic that 1s
aligned within and secured 1n place 1n that CPV module.

Each solar array contains a set of CPV cells are housed 1n
the one or more CPV modules, which themselves are con-
tained 1n a paddle structure. The modules contaiming the CPV
solar cells when installed 1in the paddle structure come pre-
aligned with respect to each other 1n all three dimensions and
are locked into this aligned condition through the module
housing and frame of the paddle structure to minimize the
installation time by eliminating any need to align each indi-
vidual CPV solar cell within the paddle structure in the field.
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The set of CPV cells 1n their set of solar recervers within the
module are also wired together during the manufacturing
process to mimmize the 1nstallation time by eliminating the
need to make every CPV cell wiring connection in the field.

The multiple junction photovoltaic solar cells may be prop-
erly sized between four to six millimeters squared. The si1ze of
the multiple junction photovoltaic solar cell may be a tradeodif
on 1) an amount of passive cooling provided by a heat sink
coupled to that photovoltaic solar cell when the cell warms up
to a steady state operational temperature to prevent overheat-
ing that photovoltaic solar cell and 1ts associated lower DC
voltage amount for that over heated solar cell, and 2) a limit on
clectron migration due to a total area of the multiple junction
photovoltaic solar cell.

The concentrating photovoltaic (CPV) technology con-
verts solar energy into DC power out very ellicient under
medium or high levels of DNI (direct normal 1rradiance).
Each solar power unit may include: a primary optic, a sec-
ondary optic, a multi-junction photovoltaic cell and a heat
sink for improved thermal performance for the photovoltaic
cell. The primary optic concentrates the sun’s light by a factor
of 1,300x using a tempered glass Fresnel lens that features
low sensitivity to temperature and chromatic aberrations. The
secondary optic 1s a domed shaped top with trapezoidal bot-
tom precision-formed optic that has a wide acceptance angle
to stmplily tracking requirements while delivering maximum
power. The multi-junction photovoltaic cell has small dimen-
s10ons and efficient passive thermal management to help maxi-
mize performance even at high temperatures. Note, regions
with the greatest solar energy potential tend to be hot, which
has an adverse effect on the efficiency of traditional photo-
voltaic solutions. However, the multi-junction solar cells have
a very low temperature coelficient, which allows these solar
cells to maintain significantly higher efficiency than other
photovoltaic solutions. All of the solar receivers electrically
combine and supply their voltage 1n output wires 1954.

Each module 1s tested for performance at the factory. The
modules are pre-assembled and pre-wired mto 2-kW paddle
structures that are easily attached to the two-axis tracker
assembly 1n the field.

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, the
invention 1s not limited to the details provided. The Solar
array may be organized ito one or more paddle pairs. The
functionality of component blocks such as a server may be
shared among multiple components or even located on
another component. Functionality of circuit blocks may be
implemented 1n hardware logic, active components including
capacitors and inductors, resistors, and other similar electri-
cal components, software written 1n any number of program-
ming languages, or any combination of both. The software
may be stored on a computing device readable medium 1n an
executable format. There are many alternative ways of imple-
menting the mvention. The disclosed embodiments are 1llus-
trative and not restrictive.

We claim:

1. An integrated remotely controlled photovoltaic system,

comprising;

a central backend server management system configured to
facilitate management of two or more solar arrays at a
remote site Irom a client device connected over a public
wide area network (WAN), which encompasses net-
works 1ncluding the Internet;

an integrated electronics housing containing multiple cir-
cuits for a first PhotoVoltaic (PV) solar array at the
remote site, where the multiple circuits cohesively exist
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in the integrated electronics housing and actually per-
form better because of the mterconnectivity;

one or more Alternating Current (AC) verter circuits
within the integrated electronics housing with switching
devices that generate a three-phase AC voltage supplied
to a utility power grid interface transformer;

one or more motion control circuits within the itegrated
clectronics housing configured to move the PV cells of
the first solar array throughout the day to angular coor-
dinates resulting from a solar tracking algorithm feeding
the motion control circuits;

a communication bus within the integrated electronics
housing connecting to the motion control circuits and
the inverter circuits to facilitate communications of
information including parameters of power being gen-
erated by the inverter circuits between the motion con-
trol circuits and the AC mverter circuits to fine tune an
AC power generated out of the two axis tracker mecha-
nism; and

communication circuitry within the integrated electronics
housing configured to establish secure communications
over the WAN with the central backend server manage-
ment system, where the motion control circuits and AC
iverter circuits also pass information over the commu-
nication bus to the communication circuitry, and where
the integrated electronics housing acts as the local sys-
tem control point for the first solar array.

2. The integrated remotely controlled photovoltaic system
of claim 1, wherein the central backend management system
1s configured to present a plurality of user interfaces via the
Internet to a browser of the user’s client device to enable the
user to navigate to and then 1) view information for various
components of the two or more solar arrays, 2) send a com-
mand to perform an action for various components of the two
or more solar arrays, and 3) any combination of both for the
various components associated with the two or more PV
arrays, and

wherein the plurality of user interfaces are viewable with
the browser and are then presented on a display of the
client device based on the central backend management
system having authenticated in 1ts database that the user
of the client device as being allowed to take the action of
viewing the information related to the PV array or send-
ing a command to the PV array.

3. The integrated remotely controlled photovoltaic system

of claim 2, wherein the first PV solar array 1s contained on a
multiple-axis tracker mechanism, wherein the central back-

end management system 1s configured to present a first user
interface viewable with the browser to enable the user to view
information related to the two-axis tracker;

wherein the central backend management system 1s con-

figured to present a second user interface viewable with
the browser to enable the user to view performance
information related to the AC inverter power generating,
circuitry associated with the first solar array; and
wherein the central backend management system 1s con-
figured to present a third user interface viewable with the
browser to enable the user to view a streaming video
captured by a video camera at the remote solar site.

4. The integrated remotely controlled photovoltaic system
of claim 1, wherein the central backend management system
receives mformation from a client device indicating that a
user wants to view mnformation related to or send commands
to the two or more solar arrays located at the remote solar site,
where each of the solar arrays 1s coupled with its own system
control point (SCP) commumnicatively connected to the cen-
tral backend management system using the Internet, where
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the central backend management system solicits authenticat-
ing information from the user and based on the authenticating
information having been verified by the central backend man-
agement system as well as based on the central backend
management system determiming what information and com-
mands that the user has been configured to view and send
related to the two or more CPV arrays then the central back-
end management system 1s configured to

present a set of user interfaces viewable with the browser to
allow a user to drill down 1n the user interface, and then
view and interact with more specific components for the
two or more CPV arrays;

present a first user interface viewable with the browser
where the first user interface includes overview infor-
mation of one or more remote solar sites included 1n a
portiolio that this user 1s associated with, where the
portfolio has two or more remote solar sites associated
with the user;

present a second user interface viewable with the browser
where the second user interface includes options to
cnable the user to specily the remote solar site in the
portfolio and a component of the solar site that the user
wants to view the information of; and

responsive to the user specifying the portfolio and the
component,

present a third user interface viewable with the browser,
where the third user interface 1s to display information
related to the specified component, and then the user can
view 1nformation and send commands from the pre-
sented user interface that the user has been configured to
view and send from.

5. The integrated remotely controlled photovoltaic system
of claim 1, where the established secure communications 1s a
Virtual Private Network, and the communication circuitry 1s
wireless communication circuitry that is configured to com-
municate with the central backend server management sys-
tem for exchanging control, monitoring, and management
information via the secure Virtual Private Network; and

a wireless Local Area Network for the two or more photo-
voltaic solar arrays at the remote solar site, where each
photovoltaic array has its own integrated electronics
housing with the wireless communication circuitry
inside that 1s configured to communicate to one or more
site routers and then over the Internet with the central
backend management system.

6. The integrated remotely controlled photovoltaic system
of claim 5, where the wireless LAN communicates measured
parameters common across the remote solar site, including
direct normal 1incidence (DNI) and local weather, which are
cach 1) detected by a local detector, 2) retrieved by a local
device, or 3) a combination of both, and then broadcast as
internal solar site communications over the LAN to the dii-
terent electronics housings, where each of the two or more
solar arrays at the remote site has 1ts own electronics hous-
Ings.

7. The integrated remotely controlled photovoltaic system
of claim 1, where the central backend management system 1s
configured to manage two or more remote solar sites each
having a plurality of photovoltaic (PV) arrays,

a set of servers 1n the central backend management system
1s configured to 1) provide web hosting for one or more
web pages, 2) generate and present a plurality of user
interfaces to each browser application of a client device
in communication with the frontend application servers
in order to view information on components of the two
or more PV arrays and 3) 1ssue commands to control
operations of the components of the two or more PV
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arrays, wherein each of the PV solar arrays 1s associated
with a different system control point, which are commu-
nicatively connected to the central backend manage-
ment system over the wide area network using the estab-
lished secured communication channel; and

one or more sockets on the set of servers are configured to

receive connections and communications from a first
client device of a first user over the WAN 1n order to
enable the first user to view information on components
of the PV solar arrays associated with the first user,
wherein the central backend management system 1s con-
figured to send commands to the components of the PV
solar arrays associated with the first user via the SCPs of
those PV solar arrays, wherein the one or more sockets
on the servers are also configured to receive connections
and communications from a second client device of a
second user over the WAN to enable the second user to
view 1nformation on the components of the PV solar
arrays associated with the second user, wherein the cen-
tral backend management system 1s configured to send
commands to the components of the PV solar arrays
associated with the second user via SCPs of those PV
solar arrays, and thus all commands to the PV solar
arrays come from the central backend management sys-
tem, which receives requests from the client devices to
send those commands.

8. The integrated remotely controlled photovoltaic system
of claim 1, where both the AC 1inverter circuitry and the
motion control circuitry have test points built 1n their circuitry
to provide performance monitoring of at least 1) an electrical
power generating parameters including an amount of AC
power generated, and 2) a solar array motion control param-
cters including a position of the PV solar array, and 1) con-
figured logic, 2) resident software applications, or 3) any
combination of both 1s also located 1n the integrated electron-
ics housing configured to collect and store the performance
monitoring imnformation 1 a memory of the mtegrated elec-
tronics housing, where the information from the circuitry
with test points for performance monitoring 1s communicated
by the communication circuitry to the central backend man-
agement system over the wide area network.

9. The integrated remotely controlled photovoltaic system
of claim 8, wherein the configured logic, resident software
applications or any combination of both 1s configured to
actively push the performance monitoring information to the
central backend management system instead of the central
backend management system having to poll each PV solar
array associated with 1ts own SCP, and wherein communica-
tion between a first SCP for the first solar array and the central
backend management system 1s performed using a secure
communication channel protocol, which verifies the 1dentity
of both the central backend management system and the first
SCP.

10. The integrated remotely controlled photovoltaic sys-
tem of claim 1, wherein the first solar array 1s on a two-axis
tracking mechanism, where a common roll axle of the two-
axis tracking mechanism 1s composed of multiple segments
of roll axle each with a perpendicular tilt axle, where two or
more paddle structures containing one or more CPV modules
are 1nstalled onto each tilt axle on the common roll axle as part
of the two-axis tracking mechanism’s solar array, where the
two or more paddle structures couple across the common roll
axle on that tilt axle, where each paddle assembly 1s pre-
aligned by holes, brackets, or molded connection points, and
any combination of these three, 1n a hinged bracket manufac-
tured on each paddle structure 1n the paddle assembly for a
correct coupling and positioming between the two or more
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paddle structures coupled across the common roll axle on that
t1lt axle, and where the common roll axle and each paddle
assembly are manufactured in simple modular sections that
assemble easily in the field while maintaining the alignment
of the tracker assembly.

11. The integrated remotely controlled photovoltaic sys-
tem of claim 1, wherein the first solar array 1s on a multiple-
axis tracking mechanism having multiple independently
movable sets of concentrated photovoltaic solar (CPV) cells;

a common roll axle of the multiple-axis tracking mecha-

nism 1s located between 1) stanchions and 2) multiple
paddle assemblies, where each of the multiple paddle
assemblies contains 1ts own set of the CPV solar cells
that 1s independently movable on 1ts own tilt axle from
other sets of CPV cells on that two axis tracking mecha-
nism, where each paddle assembly has i1ts own drive
mechanism for that tilt axle, where the common roll axle
umversally rotates all of the tilt axles, and each paddle
assembly on a given tilt axle 1s driven by 1ts own linear
actuator along a tilt axis.

12. The integrated remotely controlled photovoltaic sys-
tem ol claim 1, where the first solar array 1s structurally
broken up into multiple smaller paddle pair assemblies on a
two axis tracker assembly, where each paddle pair assembly
has a shared mechanical interface between paddle structures
in that paddle pair assembly along a tilt axis on the two sides
of a common roll axle, where the smaller paddle pair assem-
blies gives each paddle pair assembly a greater accuracy at
aiming at the Sun due to 1) having less overall weight to drive
that paddle pair assembly and 2) substantially an even amount
of weight and wind forces felt on each side of the common roll
axle 1n that paddle pair assembly, and thus, the weight of the
paddle structures on each side of the common roll axle
counter balances the paddle pair assembly, and thus, making
drive motor and linear actuators of the two axis tracker assem-
bly mainly having to deal with wind loading effects which
should roughly be about the same on both sides of the paddle
pair assembly.

13. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the first solar array contains a set of
CPV cells are housed 1n one or more CPV modules, which are
contained 1n a paddle structure, where the modules containing
the CPV solar cells when 1nstalled in the paddle structure
come pre-aligned with respect to each other i all three
dimensions and locked into this aligned condition through the
module housing and frame of the paddle structure to mini-
mize the installation time by eliminating any need to align
cach individual CPV solar cell within the paddle structure 1n
the field, and the set of CPV cells within the module are wired
together during the manufacturing process to minimize the
installation time by eliminating the need to make every CPV
cell wiring connection 1n the field.

14. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the first solar array is structurally
broken up 1nto two or more paddle structures for ease of
installation 1n the field, where each paddle structure has a bow
shaped skeletal frame having a central tube for sliding the
paddle structure onto a tilt axle of a multiple axis solar tracker
assembly, and each paddle structure has multiple brackets for
mechanically securing modules containing PV cells in place,
where this overall structure of the paddle structure maintains
a three dimensional alignment of the 1nstalled and aligned set
of solar PV cells within each of the modules during shipment
as well as during an operation of the multiple-axis tracker
mechanism.

15. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the first solar array 1s structurally
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broken up into multiple discreet components with two or
more paddle structures, each paddle structure with 1ts own set
of CPV cells that are aligned within and mechanically
secured 1n place 1n each module contained 1n a paddle struc-
ture making up the first solar array, where each PV cell has its
own secondary concentrator optic optically coupled to a pho-
tovoltaic cell, where each paddle structure 1s constructed such
that one or modules with their set of solar PV cells are con-
tamned 1n the paddle structure maintain the set of solar PV
cells’ alignment when 1nstalled 1n the paddle structure 1n the
fabrication process and while 1nstalled in the field.

16. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the first solar array 1s structurally
broken up into multiple discreet components with two or
more paddle structures, each paddle structure with its own set
of CPV cells, having a curved bracket to structurally lock
cach paddle structure together through a center truss and
turnbuckle arms to form a paddle assembly that moves in
umson, and the paddle structure with 1ts curved bracket 1s
configured to allow the paddle structures to form a single
paddle assembly along the tilt axis on a t1lt axle on the two
sides of the common roll axle, where the center truss, the
curved bracket per paddle structure, a frame of each of the
paddle structures, a tilt axle, and the turnbuckles form a
support structure for a set of PV solar cells that are housed 1n
the first solar array.

17. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the photovoltaic cells are multiple
junction solar cells and a set of solar recetvers 1s organized in
a grid pattern 1n modules, each solar recerver has 1ts own
secondary concentrator optic that 1s aligned within and
secured 1n place in that CPV module; and

cach solar receiver has its own secondary concentrator
optic that focuses incident light onto 1ts own photovol-
taic cell, where all of the photovoltaic cells on the two
ax1is tracker mechanism are electrically connected to
form the voltage output from the solar array.

18. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the multiple circuits contained within
the integrated electronics housing further includes:

software coding and logic circuitry that are built-in for PV
string level performance monitoring on the solar array to
allow 1) real-time performance feedback, 2) remote
monitoring of the two axis tracker assembly, and 3) local
measurements and generation of a current-voltage (IV)
curve;

a solar tracking algorithm with a hybrid open and closed
loop tracking algorithm configured to supply coordi-
nates to the motion control circuit to adjust/fine tune the
angle of the PV cells to achieve a maximum power
output;

a central processor circuitry configured to perform the
Ephemeris calculation of the solar tracking algorithm
for use by the motion control circuits to position the PV

cells relative to a current angle of the Sun;

a global positioning system (GPS) circuitry which 1s con-
figured to provide geographical position information of
the first PV solar array at the remote solar site, where the
GPS coordinates, time, and day of the year are supplied
to the solar tracking algorithm; and

where the central processor circuitry 1s configured to also
to compute and generate alarms 1n near real time, calcu-
lating performance modeling, and other general pro-
cessing 1nclude network communications requiring
computation to transmit to the central backend manage-
ment system over the WAN.
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19. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where at least two or more AC 1nverter circuits
are contained with the integrated electronics housing, and
where a primary-side common node of the Utility Power grid
interface transformer 1s connected to Earth ground, where
cach 1nverter circuit has 1ts own set of 1solation contacts to
connect as well as 1solate this particular inverter from the
Utility Power Grid interface transformer, where each inverter
circuitrecerves a bipolar DC voltage supplied from 1ts own set
of CPV cells, and where the outputs of the two or more AC
inverter circuits combine to supply the primary-side common
node of the Utility Power grid interface transformer.

20. The integrated remotely controlled photovoltaic sys-
tem of claim 1, where the photovoltaic cells are multiple
junction solar cells, and where the multiple junction photo-
voltaic solar cells are properly sized between four to six
millimeters squared, where the size of the multiple junction
photovoltaic solar cell 1s a tradeotl on 1) an amount of passive
cooling provided by a heat sink coupled to that photovoltaic
solar cell when the cell warms up to a steady state operational
temperature to prevent overheating that photovoltaic solar
cell and 1ts associated lower DC voltage amount for that over
heated solar cell, and 2) a limit on electron migration due to a
total area of the multiple junction photovoltaic solar cell, and
wherein one or more strings of multiple junction solar cells
from the solar array are wired together such that 1ts highest
end-to-end voltage, unloaded, cold cells 1s not 1n excess of
1200 V DC but supplied at a high enough level to directly
convert this DC 1nput voltage level to a 480 V AC working
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circuit while avoiding the need for a DC boost stage 1n each
three-phase AC 1verter circuit.
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